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Abstract cold cathodegaugesand gas analyzers, not previously

CERN has built a new experimental facilityalled the available in AC, allowed for better diagnostic.

An_tip_roton De_celerator (AD)_, by transforming two 2 ASSESSING THE NEEDS

existing machines: the "Antiproton Collector" (AC) and

the "Antiproton Accumulator” (AA). Tachieveadequate The goal of the improvement of the vacuum system was
beam performance ontke antiproton beam idecelerated to reach an averaggessure irthe low 1019 mbar, with

to its final value of 0.1 GeV/c, it wasecessary to lower residual gas mainly dominated by hydrogef2]. ~ The

the averagepressure by nearlywo orders ofmagnitude. averagepressure othe former AC was in the high 18

For this purpose, a large number of additional pumee Mbar range, with a significant amount wéter vapor and
installedand avery careful preparatiomas applied to a carbon monoxide in addition to hydrogen. Calculations of
variety of special machine equipment which, in itthe expectedpressure profilevere carriedout in order to
original construction, was notesignedfor ultra-high identify the most critical parts so as twncentrate the
vacuum operation. An important improvement in theffort on them. Moseffort was spent irorder to achieve
outgassing rates waachievedthrough anextendedmild the lowest possiblepressure inthe regionswhere the
bake-out of tanksand vacuum vessels containingrge antiproton beam has the highest vertical 3 function.
amounts of ferrite  material and multi-layer thermal These regionsre mainly where special equipment, like
insulation. kickers and septa are installed.

This paper describethe necessarymodifications of the

vacuum system and in modetail the various steptaken 3 INCREASING THE PUMPING
to obtain therequired pressure inthe low 1010 mbar SPEED

range. It will also report on thenexpected difficulties ) i

which were encountered bge-using vacuum components3-1 Bending sections

that were not initially designed for bake-out.
significantly increased by the addition of titanium

1 INTRODUCTION sublimation pumps at each end of the vacuwlmamber of
Following the decision to close the LEAR antiprotonevery bending magnet. For this purpose, openings of 100
program, there was a strongequest from the user mm had to berilled in the existing vacuunshamber and
community to continuecertain experiments. The pumping portswereweldedonto the chamber tosupport
Antiproton Decelerator (AD)roject wasapproved after a the pumps. Inorder to avoid a manpower-intensive
carefulstudy of the feasibility of converting the existinglismounting of the vacuunchamberfrom the bending
Antiproton Collector (AC) into the new facility [1]. In magnets, an original tool wakevelopedwith the help of
addition, some parts of the LEAR ring, notably thean outside company whichllowed drilling the holes in
electroncooling systemwere recuperated and adapted faitu. A support rod was welded on the vacuthmmber at
AD. the center ofthe piece to becut out toguidethe circular
The decision to buildthis new facility with mostly saw. No lubricant wassedduring the drilling, to avoid
existing equipment was justified by a lower castl faster any contamination of the vacuumahamber and the
installation time. However, it required the Vacu@roup opening was de-burred with special care to avoid that metal
to apply a number of original solutions ander to meet chips were spread into the vacuum chamber. Welding the
the design pressure of 5 #8 mbar. It also involved a pumping ports onto the vacuuchamberandleak testing
number ofunexpectediifficulties, mainly when trying to the weldswas alldone insitu. In total, 98 sublimation
apply mild bake-out to equipment which was fareseen pumps have beenadded,increasing the total pumping
to be baked at all. speed for hydrogen by 78000 I/s over 70% of the
The first measurevas obviously toncreasethe pumping circumference.
speed wherevgrossible, inparticular by theaddition of
about onehundredtitanium sublimation pumps. The
second measur@as to minimize the outgasing rates of

selectedcomponents, like injectiomnd ejection kickers, As there were no additiongports available onthese
RF cavities or stochastic cooling pickupsd kickers. kickers, a tee piece fitted on teatrance flange ahe ion

This wasachieved byperforming low temperaturbake- pumps wasadded inorder to accommodatewo titanium
out on these components. Finally, installing ion gauges,

The pumpingspeed inthe bending sections could be

3.2 Injection, ejection and stochastic cooling
kickers
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sublimation pumpsper tank. In addition, some ion the cavity of 60 °C. After cooldown, the pressure was 5

pumps were exchanged to larger ones. 108 mbar with turbomolecular pumping only. This
figure has to be compared with 4 4fbar after 8days of
4 BAKE-OUT pumping without bake-out.

As stated earlierpnly parts of thedecelerator, which This first experiment proved that a considerable
presented excessively high degassing surfacesere improvement in thedegassing rate ofhe surface was
considered for baking. These inclutie RF cavities, the achievable byapplying a mild bake-out to this cavity.
injection septum magnet, the injectioand ejection However, although quite easy to set up in the laboratory,
kickers, the stochastic cooling pick-upmd kickers. the heating method wasonsidered to betoo space
However, becausthese componentserenot foreseen to consuming for theacceleratorenvironment. It was
be baked atall, temperatureshad to belimited t0 a thereforedecided toordertailor-madeheating jacketsrom
maximum of150 "C, even below100 'C for the RF jnq,stry. with a limitedpowerrating to ensurethat under
cavities. To compensate for these low temperatures, m)ecircumstances would the temperature of any part of the
bake-out has beeextended up tahree weeks for some _ : o .

cavity exceedl20 "C. Anadequateprogramming of the

components. . .
Low-cost, low-temperatureheating elementsvere used temperature regulators insures that riguiredtemperature

whereadequaténstead of the traditional heating tapes difadients are satisfied. In addition, a computenitoring
heating jackets. These heating elements, wispexific €Xtra temperature probes wasogrammed tostop the
heating capacity of 50 W/m can be cut to custom lengtigike-out process should the temperature of one heating
still allowing for directmains (230 V) supply. Ashey element rise above a predefined limit.

are very flexible, they easily follow the sometimifficult The spare cavity was equipped with the heating jackets and
shapes of the equipment to be baked. Heat-resittpat baked in the laboratory. Although theoverall

is used to affix them on theurface ofthe vacuum vessel improvement wascomparable tothe first cavity, the
which is then covered with standard heat-insulating pressure increase durirthe initial heating period was

material. S . . .
The installed power of the heating elements walsulated m.uch smaller. The ongin of thisifference inbehavior
S Bremalns to be studied.

to have a limited value, such as to make sure that under - ; . .
¢ operational cavity has now beequippedwith the

circumstances would the temperature of the vacuum ves ) .
exceed 150C. The price to pay for this is a longise Jacketsandthe bake-out in the Accelerator is foreseen

time up to operating temperature. Also aidition to the for end of March 1999.

thermocouplesrequired for regulation, a number of . . .
redundant thermocouplegereinstalledand connected to a4'2 Bake-out of the Stochastic Cooling Pick-

data acquisition system for monitoringand alarm
purposes. The stochastic cooling pick-u@se operated at cryogenic
4.1 Bake-out of the RF Cavity temperatures of some 20 K. The active parts ofptble-

up arethermally shieldedfrom the vacuum vessel by
The RF cavity is a hugdevice of2.2 meter in diameter mu|tip|e |ayers of Superinsu|ation which act asvery
and 2 meter inlength, made ofaluminium aIon. The |arge source Ofgas_ Furthermore, the |ayers of
flanges, howeverare madeout of stainless steel. Thesyperinsulatiorwere seametbgether at their extremities,
major worry was to minimize thtemperature gradient atwhich preventedthe gastrapped betweemayers to be
the aluminium-to-stainless-steel junctions, which amjmped As a first Step' theelds between |ayers of
friction welded. The cavity ispumped by a20’000 I/s superinsulation were cut off in such a way as to allow for
cryopump, switched on afterinitial pumping with a the gas to escape. Tesisrethenmade totry andassess
mechanicalpumping station (a set of roughing anghe requiredbaking time toachievethe foreseen pressure
turbomolecular pumps). decrease. When heating was onlypplied to the outer
Initial tests were made in the Iaboratory by bU|Id|ng a hggrface ofthe vacuum vessel, there was lgtde thermal
aroundthe cavity with spare shielding blocks. A 16 kWransmission through the insulation layers to theer
air blower wasused to providehe heating powerwhich  structure of the pickup assembly that literally months of
was able to bring theemperature othe cavity to60 "C  pake-out would have beerequired. Furthermore, the
after 2 days. The cavity was instrumentedth pickup electrodesbeing activelycooled underoperation,
thermocouples located in all criticateas and connected ttheat was evacuated via tlsadsfrom the electrodes to the
a temperature scannand logger.  The measurements housing of thecold headsthe latter beingdismantled
showedthat thetemperaturedifferencesbetween various during bake-out. To overcomehis problem, thecold
parts of the cavity could be kept below 3 °C. heads are replaced during bake-out by a copper block which
Starting from apressure ofabout 16* mbar after initial  js heated andience transfers thermal power tioe inner
pumping, thepressure rosénto the 16! mbarrange as structure of the pickup assembly. Twooid too strong
soon as the temperature of the cavity reached 50-f@Gm oxidation of the copper, the volume housing dwper

then on, thepressurecontinuously decreasedind reached block is pumped out. The atmosphepiessure applied is
104 mbarafter 24hours with anaveragetemperature of
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also used toimprove the thermal contadietween the
copper block and thieads tothe pickup assembly. with 6 CONCLUSIONS AND FUTURE
this improvement, the temperature of the piclklgrtrodes IMPROVEMENTS

reached 95 °C within 3 days as shown in Figure 1. The additionalpumping speedobtainedwith the titanium

140 sublimation pumpsand the soft bake-out of the
|—Cryo pump—Sublimator Tank 1__Tank 2] components with the highestegassing rates allowed to
reachthe requiredpressurevithout major modification of

[
N
o

S 100 the existing equipment.
£ o Figure 2 shows a comparisdoetweenthe pressures
g measured in the former A€ompared tgpressures in AD,
% 60 when available.
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Figure 1: Evolution oftemperature during bake-out of g
stochastic cooling pickup 1.008-10, i
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The original Antiproton Collector was onquippedwith Section

the bare minimum of gauges, the pressure values being

mostly evaluatedrom thecurrent ofthe ion pumps. A Figure 2: Pressure comparison between AC and AD
total of 17 Bayard-Alpertgaugeswereinstalled allaround

the ring to allow for pressure measurement in the low 18s a furtherstep, it is foreseen to changéhe NEG
10 mbar range. These gauges, as well atiiecathode cartridge used in the injection septum ttpa-temperature
gaugesare connected tthe AD control system allowing one in such a way as to allow its use as botheating
for short- and long-term data logging. element during bake-ouand an active pump. Other
Seven residual gas analyzers were mounted. In additiorstigdies have started to improve the venting ofvdiguum
allowing for a measurement of the quality of tehieved system and to possibly work with a smallerpressure of
vacuum, these instrumengsovedvery useful todiagnose nitrogen during interventions.

a series of very nasty leaks deedthroughswhich were

submitted to a pressure of 2 bar of; $@s. 7 REFERENCES
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